Magellan images reveal surface features on Venus attributed to wind processes. Sand dunes, wind-sculpted hills, and more than 5830 wind streaks have been identified. The streaks serve as local "wind vanes," representing wind direction at the time of streak formation and allowing the first global mapping of near-surface wind patterns on Venus. Wind streaks are oriented both toward the equator and toward the west. When streaks associated with local transient events, such as impact cratering, are deleted, the westward component is mostly lost but the equatorward component remains. This pattern is consistent with a Hadley circulation of the lower atmosphere.
Earth-based observations, data from flybys, and measurements from landed spacecraft reveal that Venus has a rocky surface with an average temperature of 753 K beneath an acid-laden, predominantly CO 2 atmosphere with a surface pressure of 90 bars. Ideas about atmospheric circulation on Venus are based on cloud motions (at _60 km altitude) deduced from ultraviolet images taken by flyby and orbiting spacecraft (1-5), wind speeds inferred from Doppler tracking of Venera (6, 7) and Pioneer Venus (8) atmospheric probes, radio tracking of balloons (at about 50 km altitude) during the VEGA mission (9, I0) , and motions of features (at about 50 km altitude) in infrared images of the planet (11) (12) (13) . Zonal winds are westward with speeds of =100 m s -z at cloud heights (=60 km altitude), decreasing approximately monotonically with proximity to the surface to speeds of =10 m s -l at a height of 10 km (14) . No meters per second even at cloud heights (14) . Wind speeds at the surface are from 0.3 to 1.0 m s -I (15) , well within the range necessary to move loose surface sand and dust (16). Accordingly, the principal mode of atmospheric circulation on Venus from just above the lowest scale height (at =10 km altitude) to _100 km is a zonal retrograde (westward) superrotation of the atmosphere (14) . However, global circulation models of the lower atmosphere (especially below = 10 km altitude) have hitherto been mostly unconstrained because of the paucity of relevant observations. Theoretical models of the lower atmosphere circulation involve a Hadley circulation driven by solar energy deposition in the deep atmosphere, preferentially at low latitudes (17) (18) (19) (20) (21) . This circulation involves equatorward surface winds, upflow over the equator, poleward winds aloft, and downflow at high latitudes. A similar circulation is expected in both the northern and southern hemispheres of Venus.
We report here the first observations that constrain the global circulation pattern of the lower atmosphere of Venus. These are the wind streaks seen in Magellan radar data (22, 23) that result from the interaction of the atmosphere and the surface. These wind streaks not only reveal the nature of the lower atmospheric circulation but also reflect the influence of the strong westward winds of the cloud-level atmosphere. Histograms of streak orientations were plotted for the northern and southern hemispheres (Fig. 2, B 
